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ABSTRACT: 
Studies have shown that exercise can have positive affects on cognition levels in 
patients suffering from Alzheimer’s disease.  A meta-analysis was conducted to see if 
exercise had an effect on attention or working memory in patients with Alzheimer’s 
disease. A search was conducted through PubMed. From the initial search, 87 articles 
were found. Of these 87 articles, 2 met the criteria for analysis along with 1 additional 
article found from an additional source. These 3 articles were studied and a meta-analysis 
was performed. The Stroop Test was used to study attention scores and the Digit Span 
Test Backward test was used to study working memory scores. The analysis showed a 
decline in working memory with exercise. A slight improvement was seen in attention 
scores, but the results were statistically insignificant. The decline in WM might be more 
closely associated to the progression of the disease in participants, rather than the effect 
of exercise on working memory of patients. More studies should be conducted in order to 
further investigate these results.  
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INTRODUCTION 
 Alzheimer’s disease is a devastating neurological disease, which affects many 
people throughout the United States and the world.  This disease induces a heavy burden 
on patients suffering from the disease, as well as their caregivers and families.  It is a 
progressive disease that affects areas of the brain responsible for memory.  The main 
areas of the brain affected in Alzheimer’s patients are the hippocampus as well as other 
parts of the temporal lobe15.  Mild Alzheimer’s starts with memory loss associated with 
accumulation of beta-amyloid plaques outside neurons and tau protein deposits inside 
neurons in the brain16.  The beta-amyloid plaques interrupt the ability of neurons to 
communicate to each other16.  The tau proteins inside cells disrupt the electrical flow of 
signals in neurons and ultimately cause the death of cells16.  As the disease progresses, 
memory loss becomes more severe and other symptoms develop as well including 
impaired reasoning and emotional instability15.  
In 2013 an estimated 5 million senior citizens, 65 years and older, were living 
with Alzheimer’s disease in America1. With a growing overall population and an aging 
baby boomer population, the cases of Alzheimer’s present in the United States are 
expected to increase dramatically1. According to one study the number of people with 
Alzheimer’s could potentially rise to 14 million by the year 20501. In 2010, the estimated 
cost of dementia in the United States was between $157 billion and $215 billion2. 
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Medicare only covered $11 billion of this cost2. The number of Alzheimer’s cases are 
expected to increase; therefore, the cost of the disease is expected to at least double or 
possibly more by 20402. According to one study done by Brookmeyer and colleagues, if 
the onset of the disease could be delayed by 1 year, it might be possible to reduce the 
number of new cases by 9.2 million by the year 20504,9.  Alzheimer’s is the most 
common neurodegenerative disease in the United States, and the sixth leading cause of 
death in the United States17. In recent years there have been many studies showing 
promising results in Alzheimer’s patients who participate in physical activity programs.  
There have been many studies testing the effect that exercise has on patients with 
cognitive impairments including mild cognitive impairment, Alzheimer’s disease, and 
dementia.  In some of these cases, exercise has been shown to increase cognitive abilities 
and have a positive effect on overall cognition3, 4, 6, 17.  Exercise has been shown to have 
results such as decrease in heart disease, decrease incidence of cancer, decreased risk of 
diabetes mellitus, and decreased development of osteoporosis3.  Studies have also shown 
that physical activity might delay cognitive impairments in patients at risk for cognitive 
loss3.  If exercise is found to delay the effects of cognitive impairment, then it is possible 
that at risk patients could delay the onset of Alzheimer’s and dementia with a 
participation in an exercise program.  This would be a huge advance for not only people 
with Alzheimer’s disease, but also people at risk for developing the disease.   
There are several possible reasons why exercise might be potentially protective 
against cognitive loss.  A meta-analysis of exercise on brain-derived neurotrophic factor 
(BDNF) showed an increase in this protein with participation in exercise programs6.   
This protein has been linked to neural functioning and development 6, 8.  The mechanism 
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for the potential effects of physical activity on cognitive function may be due to increase 
cerebral blood flow in the presence of physical activity7.  Physical Activity may also 
increase cerebral nutrient supply and increase aerobic capacity7.  Due to the positive 
effects of physical activity, it might be possible to increase cognitive abilities and 
decrease cognitive decline. Unfortunately, many senior citizens are generally less active 
than younger adults 19.  This could be due to a number of reasons some of which could 
include disability, no ability to access a workout facility, not learning how to be active, 
among many others.  Even the senior citizens who are active and able to exercise are 
more than likely participating in lower intensity workouts compared to other younger 
adults19.  While this is due mostly to the natural aging process, this is a significant 
disadvantage for senior citizens.  
In order to test the validity of these results a meta-analysis was performed on 
published articles meeting the criteria for analysis. The results of these articles were 
studied. A systematic review and meta-analysis of these studies were conducted to 
determine if exercise had an effect on attention and working memory in Alzheimer’s 
patients.  
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MATERIALS AND METHODS 
 In order to establish which studies were suitable for the meta-analysis, a PubMed 
search was conducted on December 15, 2014. The terms searched were 
[(((alzheimer[Title/Abstract]) OR dementia[Title/Abstract]) AND exercise) AND 
attention]. The first studies to be excluded were non-human studies. Following this, 
studies not including Alzheimer’s patients were excluded. Next, articles not testing 
exercise were excluded. Then, articles not testing attention were eliminated. Following 
this step any review articles or articles without results were eliminated. One article was 
eliminated because it was a long-term epidemiological study. From the remaining 
articles, any article that included both a Stroop Test and a Digit Span test run backwards 
were selected for analysis. One additional article was found using an alternate resource. 
This process is shown in figure 1. Table 2 shows the title of each article that was found in 
the PubMed search, and the reason they were not chosen for the analysis.  
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RESULTS 
The following results were obtained from the meta-analysis of the 3 articles 
meeting the specific criteria for the study.  For the Stroop Test, meta-analysis did not 
show significant change in Stroop performance. It showed a slight improvement in 
attention scores, but the improvement was not significant.  For the Digit span BW Test, 
meta-analysis actually showed a decline in Digit Span performance and working 
memory. The p value was equal to 0.0002, and the effect size was-0.80 with a 95% 
confidence interval of -1.22 to -0.37.  Results from the working memory study are shown 
in figure 2.  Results from the attention study are shown in figure 3.  Some missing values 
from the studies were estimated.  
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DISCUSSION: 
This meta-analysis was conducted using the metaphor R package21. The effects 
sizes for the studies were calculated using random effects model, in which effect size is 
found under the assumption that the samples were collected from non-homogeneous 
populations20. From the initial search, 87 articles were found. Of these 87 articles, 2 met 
the criteria for analysis along with 1 additional article found from additional source.  
These 3 articles were used the in meta-analysis. According to the results, exercise had 
adverse effects on working memory. Exercise showed a slight improvement in attention 
scores, but the results were statistically insignificant. According to the meta-analysis 
DSBW showed a decline in performance, reflecting a decline in working memory. In 
another meta-analysis, exercise was found to also have no significant effect on working 
memory17. Figure 3 shows the results from the DSBW and working memory. Of the 
studies included only 1 showed an increase in WM.  Figure 4 shows the results of the 
Stroop Test and attention. Two of the 3 studies showed an increase in attention.  
However, these improvements were only slight. According to the results, exercise has no 
significant effect on attention, and exercise shows a decline in working memory. 
The three studies included in the analysis all contained results from the Stroop 
Test and Digit Span Test Backward. The Stroop Test involves a series of color names 
written in either the color they represent, or a different color.  The subject is supposed to 
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say the name of the color, without reading the word. For example, if the word green was 
written in the color red, the participate is suppose to say the word “red.”  This test is often 
difficult because the subject has to reject the automatic response to read the word, which 
can cause a delay in their response5. This delay is known as the “Stroop effect”5.  This 
test was used to measure attention of patients in the studies used in the analysis 10, 11, 12. 
When testing the working memory of the participates, the Digit Span Test Backwards 
was used. This test shows the participant a series of numbers. The subject must then 
repeat the numbers back, but in the reverse order in which they were shown the 
numbers18.  For example, the participant would hear “1, 2, 3.”  The participant would then 
say back, “3, 2, 1.”  This test measures working memory in subjects. The three studies 
included in this analysis all used these tests in their experiments.  
The articles examined in their paper were published between 2012 and 2014, 
which shows this data was relatively recent and still relevant.  The study done by 
Arcoverde and colleagues lasted 16 weeks with 10 participants in the experimental group. 
It was published in 2013. The exercise, or experimental group, completed a walking 
program on the treadmill 30 minutes, 2 times a week. The study done by Bossers and 
colleagues was published in 2014. The studied lasted 6 weeks, and had 18 participants in 
the experimental group. The participants in the experimental group completed a walking 
and strength training session. They did 3 walking sessions a week and 2 strength training 
sessions a week. The final study done by Anderson-Hanley and colleagues was 
completed in 2012. The study was 90 days long and included 41 people in the 
experimental group. The exercise in this study included control bike.  
The results indicated a decline in WM. This was suspected to be due to the 
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progression of the disease in participants, rather than the effect of exercise on the 
working memory of participants. One limitation of this analysis was the limited number 
of studies available meeting the criteria for analysis. If more studies were available, the 
results might have been altered. More studies need to be conducted in order to further 
investigate these results. An interesting area to further investigate would be to test if 
exercise has an effect on patients with MCI. These patients are at risk for developing 
Alzheimer’s disease in the future17.  Further studies might show exercise is more effective 
at preventing the disease, rather than reversing the effects of the disease.  
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Figure 1: Flow diagram for identification of eligible studies  
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